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AGENDA

= Compare energy yield, performance results, and the reports between
two recognized PV simulation tools. How do they compare in the areas
of key interest?

= This short presentation will not compare to actual collected field data
from our monitored sites. Nor is this presentation a tutorial on the
tools. Focus will be more on the engineering side rather than the
financial.

= NREL's System Advisor Model (SAM) is a leading application (freely
available) that has evolved over many years. Does more than PV
including numerous renewable sources such as solar thermal and
geothermal

= PVSYST is a PV-centric simulation tool developed initially at the
University of Geneva, Switzerland. Now a standalone company.

= Both tools will work for simulating systems anywhere in the world.
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QUICK OVERVIEW

= Both SAM and PVSYST will report on the most important engineering
results:

— Energy yield (and the specific production (normalized))
— Performance Ratio

— Loss breakdown

= The level of detail varies with PVSYST focusing more on the engineering

% aspects of design and deployment; SAM provides good engineering
control with a tremendous amount of financial parameter
manipulation and reporting (including LCOE analysis)

= PVSYST focuses on year one with extensive reports and breakdowns;
since SAM provides multiyear economic analysis, it takes into account
=4 annual degradation

= Both tools allow extensive loss parameter entry (including custom
shading)
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TOOL VERSIONS

= SAM version 2012.5.11 (this is the latest)

= PVSYST version V5.56 (latest as of April 2012; new minor release
V5.57 as of May 2012)

[y About PVsyst

| Pvsyst Version 5.56 April 16th, 2012

Study of Photovoltaic Systems I S 52 STE M
|

www _pysyst.com
Development and distribution
Until ¥ 5.4 [June 2011)
PVSVSt SA P¥syst has been developed at D ‘ J I S O R
107, route du Bois-de-Bay Contact: Group of Energy
1242 Satigry adminiE@pyvayst.com Institute of the Sci of the Envi it
Switzerland University of Geneva
by
Dr. André Mermoud O DE I
andre. mermoudiE@pysyst. com
The p i pztem's develop tz has dah ial help from the Swiss federal
ingtitution REPIC [R ble Energy P tion in International Cooperation].
=3
i ] TRNSYS
The model for thin film PY modules has been developed thanks to a research project &!ﬁ abi’
financed by the SIG-MER fund of the "Services Industriels de Geneve™. which is the MNATIONAL RENEWABLE ENERGY LABGRATORY
Electricity and Gaz Public Utility of Geneva.
DISCLAIMER -
The conception of the user's interface for the version 3.0 has been developed [1998-1399] . . . . : x i-:E_i
in cooperation with The Swiss Federal Institute of Technology [EPFL. Lausanne]. with The Systen Advisor Model ( MDEIEJ' ! 2 1S Pr‘?"’ld'?d by the Hational !_!
Christian Roecker and Jacques Bonvin Renewable Energy Laboratory ("NREL"). which is opsrated by the
Alliance for Sustainable Energy. LLC {("Alliance") for the 0.5
Departnent Of Energy ("DOE") and may be used for any purposs
7 5 i whatsosver.
Flri_alnclal_supg?]lt_ Swizs Federal Office for Energy Univ:r:;tpyolfl%r:neva o
Hri version 2.8 OFEN / BEW 193: _2012 gL Ciose The names DOE-HEEL-ALLIANCE shall not be used in any -
: Version 2012,5.11 [samsim 2.3.3 | ssc 22]
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1 MW COMMERCIAL MODELING EXAMPLE

= 1 MW Suniva 250W OPTIMUS monocrystalline system

= 4004 panels with a string size of 14 (286 strings)
 TsAwaomasar  Tevsvstsss

Atlanta Hartsfield Airport TMY3  Atlanta Hartsfield Airport TMY3
30 degrees 30 degrees
180 (due south) 0 (due south) (Northern
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SAM WALKTHROUGH

Main
PV
array

screen

File Case Simulations Tools Developer Help

| #3 GA_Power_2 x] -
[ select Technology and Market... | [ Flat Plate PV, Commercial ] )

Climate

Location: ATLANTA HARTSFIELD INTL AP, GA
Lat: 33.6 Long: -84.4 Elev: 3080 m

Utility Rate

Financing

Tax Credit Incentives

Payment Incentives

Annual Performance

i
S

Degradation: 0.5 % per year
Availsbility: 98 %

PV System Costs

.!ﬂ' ]

Total: § 3,124,714.53
Per Capacity: § 3.12 par Wdc

Array

Power: 1000.3 kivde
Arsz: 6459.5 m2

Shading

Module
Owutput: 245,8 Wic

Inverter

& Al

Capacity: SD6700.00 Wac

Electric Load e }i.’.]

Annusl Enengy: 0 kih
Annuzl Pezk: 0 kW

User Variables

%

rLayout
rArray Sizing
~) Specify desired array size
Spedfy numbers of modules and inverters
Desired Array Size | 1000 |kwidc
Actual Layout
Modules per String 14 | 14
Strings in Parallel 286 [ 286
MNumber of Inverters 2| 2
Total Modules 4004
Total Area 6499.48 m2
MNameplate Capadty (at ref. conditions) 1000.3. kwdc
Voc (String, at 1000 W/m2, Tc=25'C) 527.8 v
Vmp {String, at reference conditions) 414.4. v
Total Inverter Capacity 1013.4. kWac
Vdecmax (dc-inverter) 600. v
MPPT low 200 v
MPPT hi 800 v

simulations. See Help for details.

Array capadity is 99 % of inverter capacity. Check for more sizing messages after running

.

-Tracking and Orientation
Fixed || Force Tilt = Latitude
1 Axis Tilt 30 deg

2 Auis Azimuth 130 deg
) Azimuth Axis

Tracker Rotation Limit 45 |deg

Enable backtracking for 1-axis trackers
Row width 2 |m

Space between edges of adjacent rows 1|m

-Soiling
Average Soiling 98 %o
~Pre-i ter (DC)
Mismatch 98 %
Diodes and Connections . 99.5 £
DC Wiring 99 9,
Sun Tracking . 100 %
Mameplate . 100 £
Total Pre-Inverter Derate 96.5349 o
-Post-inverter (AC)
AC Wiring 99.5 %%
Step-up Transformer 100 o
Total Post-Inverter Derate 99.5 o
Estimated total derate factor 94,1312 o
-G d Reflect:
[ Use albedo in weather file if it exists
Ground Reflectance (albeda) i 0.2
rLand Area
Packing Factor 2.
Total Land Area 3.21204 acres
rTilted Surface Radiation Model (Advanced)
() Isotropic -Radiation Components

HDKR () Beam and Diffuse

| Perez @ Total and Beam




SAM REPORT — PARAMETER AND RESULTS SUMMARY

Key points are
highlighted with
key parameters

SAM Report: Photovoltaic System with
w Commercial Financing

System Design and Costs

Mameplate Capacity: 1000.3 kWdc
Installation Cost $3,124 715, 3.1 8'Wdec
Debt Fraction: 1000 %

Location:
ATLANTA HARTSFIELD IMTL AP, GA
J36deg N, B44degE, -5 GMT

Amay Area: 6,499 m"2
Inverters: 2

Modules: 4,004
Strings: 286

Tracking: Fixed
Backiracking: No

Modules: User Specified CEC Model

Results

Annual Output 1,586,206 KWh
Capacity Factor: 18.1 %
Performance Factor: 87.8 %

LCOE (nominal): 16.2 centz/kWh
MPY: Net Present Value: $-308,966
Payback Period: 13 years

Model Options

Module: CEC User Specs
Inverter: Sandia

Model Shading Effects: No
Financial Model: Commercial

Inverters: SAMISandia Inverters/SMA America: SC500U 480V [CEC 2009]
Weather file: CASuniva\Simulations\WeatherData\Atlanta_AirportfAtlanta_Airport_722190TY .cav

Confidential & Proprietary
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SAM REPORT — LOSSES

Losses and derate
are shown as a
function of loss in
annual energy

Annual Energy in kWh with Losses as Percent of Nominal DC Output

Total Incident Radiation 11,984,539

Nominal DC Output 1,844 468

Gross DC Output 1,745,828 |-5.3% | Module losses

Derated DC Output 1,685,334 |-3.3%| DC derate losses
System Gross AC Qutput 1,626,711 |-3.2% | Inverier losses

System Derated AC Output 1,618,577 |-04%| AC derate losses

AC Energy Delivered to Grid 1,586,206 |-1.8 % | Availability factor losses

Annual I:-H'El'!:l'h" in It:Wh

1800, D00 |-

T
LE00, 000 |-
140060, D00 |-
1,200, DO |-
10D, Do |-

B0, DD -

S0, D00

00, D00 -

200, 000 -

o

Arrayy Momingl CC (MWl Snesal>C (s Desankd DO S A CSeitbin Desaadd 4C {Kih mawg;-,r {lowih)
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SAM REPORT — MONTHLY YIELD

Monthly yield is
easy to follow

140, 000

120, DD

100, DD

AC Electricity 0o Grid by Month (kwh)
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PVSYST WALKTHROUGH

Main grid-tie
systems
screen

10

== = [}

@ Project

@ Orientation

@ Harizon

@ Near Shadings

@ System

@ Module lzyout

Simulation
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PVSYST WALKTHROUGH

il ———
:’;'_E Grid system definition , Variant "Atlanta 1 MW - showcase losses (NOCT of 46 C)°

z@ﬂ

Global System configuration Global system summary
M ° PV I‘l_j_i Murmber of kindz of zub-fields Mb. af modules 4004 Marminal P Paower 1001 kW'p
a I n a rray Module area E493 e M amimum Y Power 945 kwidc
ii ':'E,t Simplified 5chema | Mb. of inverters 2 Mominal AC Fower 1000 kwac
Homogeneous System
Presizing Help
(" Mo Sizing Erter planned power &+ |1000.0 kiwfp., ... of avaiable area © |6433 e ﬂ
Select the PY module
Sart modules (™ Power — " Technology & Manufacturer Al modules _"J
| 280 25 Simono OFT250-60-4-100 Suniva b anufacturer ED'j Open
Approx. needed modules 4000 Sizing voltages : Ympp (B0°C] 25.0 %
Yoo (10°C] 42.2Y
Select the i t
elect the inverter . % 50H:
Soinwverters by ¢ Power —  Yaltage [max)  Manufactuier (1 Inverters j ¥ BOHz
|EDD ke 330-B00Y  BOHz Sunny Central 500U SMA j Open
Mb. of inverters 2 ﬁ [ Operating Voltage: 330-600 %  Global lnverter's power 1000 kW ac
Ihput rasimum wvoltage: b00
Design the amray
Mumber of modulez and stringsz - Operating conditions
should be Wmpp (60°C) e
tod. in seres |14 —I [+ only possibility 14 Wmpp [20°C] 425
:I' Voo (10°C) 591
i 286 = v ibil
Nbre strings ptfdiCol pos el e e 0w e I e
D eiloadlnss 0.0 % — Impp [STC) 2393 & Max. operating pover B8B6 K\
i 1 op B Show sizing | 2]} e 1o 2596 A at 1000 WnF and 50°C)
Hb. modules 4004  Area 6499 rf | lsc[at STC) 2568 A Array nom. Power [STC] 1001 kwp
=N Uszer's needs Detaled lnzzes P& x Cancel ~/ k.
11
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PVSYST REPORT — PARAMETER SUMMARY

All parameters are
shown so system
simulation can be
reproduced by a 3"
party independently

12
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F'VSYSTVS_SB‘ ‘05:’0&:‘12 | Page 1/3
Suniva: OPT250
Grid-Connected System: Simulation parameters
Project : Atlanta Hartsfield Intl Ap_1MW
Geographical Site Atlanta Hartsfield Intl Ap Country USA
Situation Latitude 33.6™M Longitude 84.4°W
Time defined as Legal Time Time zone UT-5 Altitude 308 m
Alpedo  0.20
Meteo data : Atlanta Hartsfield Intl Ap, NREL TMY3
Simulation variant : Atlanta 1 MW - showcase losses (NOCT of 46 C)
Simulation date 0%06/12 17h41
Simulation parameters
Collector Plane Orientation Tit  30° Azimuth 0°
Horizon Free Horizon
Near Shadings Mo Shadings
PV Array Characteristics
PV module Sk-mono Model QPT250-60-4-100
Manufacturer Suniva
MNumber of PV modules In series 14 modules In parallel 286 sirings
Total number of PV modules MD. modules 4004 Unit Nom. Power 250 Wp
Array global power MNominal (STC) 1001 kWp At operating cond. 886 KWp (50°C)
Array operating characteristics (509C) Umpp 369V Impp 2399 A
Total area Module area 6499 m?
Inverter Model  Sunny Central 500-HE-US
Manufacturer SMA
Characteristics Operating Voltage 330-600 V Unit Nom. Power 500 KW AC
Inverter pack Mumber of Inverter 2 units Total Power 1000 kW AC
PV Array loss factors
Thermal Loss factor Ug (const)  27.7 W/m2K Uv (wind) 0.0 W/m2K / m/s
== Mominal Oper. Coll. Temp. (G=B00W/mz2, Tamb=20°C, Wind=1 m/s.} NOCT 46 °C
Wiring Ohmic Loss Global array res. 2.6 mOhm Loss Fraction 1.5%atSTC
Array Sciling Losses Loss Fraction 2.0%
Module Quality Loss Loss Fraction 0.1 %
Module Mismatch Losses Loss Fraction 2.0 % at MPP
Incidence effect, ASHRAE parametrization AM= 1-bo(lfcosi-1) Do Parameter 0.05
System loss factors
Wiring Ohmic Loss Wires 19m 3x2000 mm2 Loss Fraction 0.5%atSTC

User's needs :

Unlimited load (grid)




PVSYST REPORT — RESULTS SUMMARY

The three
main
simulation
results are
clear

13

Project :
Simulation variant :

Grid-Connected System: Main results

Atlanta Hartsfield Intl Ap_1MW
Atlanta 1 MW - showcase losses (NOCT of 46 C)

Main system parameters System type  Grid-Connected

PV Field Crientation tit 30° azimuth 0"

PV modules Model OPT250-60-4-100 Pnom 250Wp

PV Array M. of modules 4004 Fnom total 1001 kWp

Inverter Model Sunny Central 500-HE-US  Pnom 500 KW ac

Inverter pack Mb. of units 2.0 Prnom total 1000 kKW ac

LIser's needs Unlimited load (grid)

Main simulation results

System Production Produced Energy 1560 MWh/year Specific prod. 1558 KWh/EW piyear
Performance Ratio PR 84.3 %

Confidential & Proprietary
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PVSYST REPORT — LOSSES

The loss

diagram is — ek

very clear

1794 KWh/mz2* 6499 me coll.

+0.6%

efiiclency at STC = 15.39%

1794 MWh

1585 MWh

1564 MWh

1560 MWN
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-0.1%
-2.0%
-1.0%

N1 0
N 0.0%
§-0.0%
Ny 000
0.0%

My -3

b

J -6.3%
-2.0%

Loss diagram over the whole year

Horlzontal global Irradlatlion
Global Incldent In coll. plane

laM Tactor on global
Effective Irradlance on colle ctors
PV comversion

Array nominal @nergy (at STC affic.)
PV loss due to Irradiance leval

PV loss due to temparature

Armay Solling loss
Module quality loss
Module array mismatch 10ss

Chmic wirng loss
Array virtual energy at MPP

Inverter Lass during oparation (eficlancy)
Inverter Lass over nominal Inv_ power
Invierter Loss due to power threshold
Inverter Lass over nominal inv_ voltage
Invierter Loss due to voltage threshold
Avallable Energy at Invertar Gutput

AC ohmic loss
Energy Injected Into grid

The

Brilliance

of Sol

IVa

ar Made Sensible



PVSYST REPORT — MONTHLY YIELD

M o nt h Iy Wormalzed productions (per installed KWpl: Nominal power 1001 EWp Performance Ratio PR
.ILC: Colocon Lom (Fv.-amayloaxcyl 07 RANRADN ' ' T ¥R - Pofamanch Aabo (717 7 - 0848 | T T T T T
[ Ls : Syslarm Lress Jneaciar, .} L1 AR oy 1
breakdown of I P e LR
o [ ] ~
energy yieldis | r
: £
. 2 £
presented In i i
P :
numerous s
Aslanta 1 MW - showcase losses (NOCT of 46 C)
Balances and main results
GlobHor T Amb Globino Glob ER Elray E_Grid EftdrrR Eff3gsR
Kb me T ki hine K h'm? Mih Wi h W %
Janu.-r 85.1 .57 1225 1182 114.5 1118 14.38 1405
Fabruary 53z 7.54 1223 11841 111.0 108.5 1257 1265
March 1444 13.7E a3 161.7 14E.3 1434 13.54 1224
April 1722 7.2z 1Tes 7148 151.4 148.0 12.1E 1287
May 185.9 2084 =11 irar =7 153.4 13.00 2Tz
Junz 23 24.B0 40 1778 =22 1483 1273 1245
JL.]’ 185.5 ZE.0E @0z 17441 1485 1452 1267 1240
August 180.3 26.58 iTrs a0 14E.E 1435 1z70 1243
Soptember 1308 ZZ2.82 1413 17T 118.B 1174 1Z.68 1283
Oiriober 118.3 1E.02 1425 1453 125.B 1Zr.0 12.35 1205
Mazrvamiber Ba.E 11.54 1244 1207 110.8 108.4 1278 1244
D oz e 78.3 7.0 11639 113.7 1.2 104.8 14.12 1280
Woar 1685.9 1E.EE a7 3 17836 155 15589 1228 1293
Lagands:  GlobHor Horizontal global imadiation Efumay Efiodtiva enargy at the output of tha amay
T Amb Ambiant Temparatura E G Enaegy injeded into grid
Globino Clobal incidart in ooll. plana ERfmR Effic. Eout asray! rough arsa
GlobEH Effactive Glokal, ooer. for 1AM and shadings ERSysA Effic. Eout spstem rough arsa
15 Lulueiiudl oL riuplicualy I v d
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RESULTS COMPARISON

I R
1586.206 MWH/yr 1560 MWH/yr
1586 MWH/yr 1558 MWH/yr

If the derate-loss/parameters are set properly and the weather files are
the same (TMY3 in this case) then both PVSYST and SAM give similar
results (2% difference in this case).

PVSYST is a little more conservative and very close in comparisons with
our field data.

Key is setting the parameters, accuracy of the panel and inverter models,
and the validity of the weather file.
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TooL COMPARISONS

YETIE]J1114Y Free and accessible to anyone in the
world

PV System Types Grid-tie only for residential, commercial,
commercial PPA, Utility Power Producer.
No off-grid or hybrid.

Loss parameters All required parameters are available

Weather file support TMY2, TMY3, EPW

Default module database CEC and Sandia performance models

Component database New version allows some flexibility in
modification/creation
else.
Overall ease of use “straightforward” learning curve — data

entry is highly graphical

Customer facing reports Clear and succint

Very powerful, easy-to-use and easy-to-

Economic/Financial Modeling

understand economic modeling

Engineering Flexibility Provides some degree of component

modeling but limited thermal modeling

17 Confidential & Proprietary
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module creation. Not inverter or anything

- INRELsAM PVSYST

For purchase/license only

(30 day free full eval)

Grid-tie, off-grid, and DC grid. No hybrid
grid-tie + standalone.

Extensive

Meteonorm, TMY2, TMY3, EPW, PVGIS,
WRDC, Retscreen, Helioclim, SolarGIS

Photon

Full flexibility for PV Module, Inverter,
Charge Controller, Battery, and Generator

“medium” learning curve

Elaborate, professional, customizable

Difficult to understand economic
modeling

Very detailed component modeling with
extensive thermal modeling

IVa

The Brilliance of Solar Made Sensible



PRESENTER INFO

Sol Haroon is the lead systems engineer (EE) at Suniva, Inc. Suniva is a US
manufacturer of high efficiency solar cells and PV modules. Sol is
responsible for systems modeling, simulation, monitoring, design of PV
systems, along with assessing the financial viability of systems entailing
balance of system gear such as inverters and racking.

Sol is a solar professional, EV enthusiast, and a sustainable habitat
systems architect working on net-zero architecture.

When not working and designing sustainable solutions, he enjoys
volunteering with international humanitarian missions around the globe.

He may be reached at sol@suniva.com
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Making high-quality, high-power solar cells and b
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